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ABSTRACT 


Wind  tunnel  measurements  of  the  aerodynamic  force 
coefficients  of  solid  flat  circular,  T-10,  and  ringslot  para¬ 
chute  models  with  and  without  centerlines  were  made.  Test 
conditions  were  M  -  0.1  and  Re/ ft  ■  6.7  x  10^  on  models  with 
a  nominal  diameter  of  approximately  16  in.  The  results 
showed  general  similarities  in  the  effects  of  various  center- 
line  lengths  on  the  different  models.  With  centerline  lengths 
about  equal  to  the  suspension  line  length,  tangent  force 
increases  from  20%  to  26%  were  obtained.  At  these  configura¬ 
tions  the  force  in  the  centerline  is  about  one-half  the  total 
tangent  force.  The  model  trim  angle  and  slope  of  the  moment 
curve  at  that  point  were  determined.  These  show  the  solid 
flat  circular  and  T-10  models  to  be  less  stable,  while  the 
ringslot  parameters  were  nearly  unchanged. 
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SYMBOLS  ** 


moment  coefficient 

moment  coefficient  of  standard,  no  centerline  con¬ 
figuration 

dCm/da,  generally  at  ctj, 

dCm/da  of  standard,  no  centerline  configuration 

ratio  of  Cm  at  otp  for  a  centerline  configuration 
a 

to  at  ctp  of  the  standard  configuration 
“a 

normal  force  coefficient 
total  tangent  force  coefficient 

tangent  force  coefficient  of  standard,  no  centerline 
configuration 

centerline  force  coefficient 

ratio  of  CT  for  a  centerline  configuration  to  CT' 

LC  1 

of  standard  configuration  at  a  defined  angle  of 
attack 

ratio  of  for  a  centerline  configuration  to  C^.' 

of  standard  configuration  at  a  defined  angle  of 
attack 

nominal  diameter 

distance  from  vent  to  skirt,  Fig  1 
centerline  length 
suspension  line  length 

distance  from  confluence  point  to  moment  center, 

Fig  1 

distance  from  vent  to  moment  center,  h  +  Dq,  Fig  1 
aerodynamic  moment 


All  coefficients  are  based  on  nominal  areas  and  diam¬ 
eters. 


xiv 


confluence  point  normal  force 
N2  vent  normal  force 

q  dynamic  pressure 

SQ  nominal  area 

T  total  tangent  force,  T^,  +  Tg 

T^  centerline  force 

Tg  suspension  line  component  of  tangent  force  at  con¬ 

fluence  point 

a  parachute  angle  of  attack 

Oj,  parachute  trim  angle  of  attack,  Cm  -  0,  C  ^  0 

ma 


Subscripts 
o  nominal 


Superscripts 

indicates  characteristics  of  the  standard,  no  center- 
line,  configuration 
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I .  INTRODUCTION 

For  some  time  it  has  been  knovvn  that  adding  a  center- 
line  to  a  parachute  configuration  which  pulls  the  vent  down 
closer  to  the  suspension  line  confluence  point  by  relatively 
small  amounts,  increases  the  drag  of  a  parachute  within  certain 
limits.  Even  though  centerlines  have  been  used  or  investigated 
frequently,  there  is  no  compilation  of  data  on  the  effects  of 
the  centerline  on  the  aerodynamic  characteristics  of  the  para¬ 
chute  and  on  the  forces  in  the  centerline.  This  report  presents 
the  results  of  wind  tunnel  measurements  of  the  aerodynamic 
coefficients  and  centerline  forces  on  model  solid  flat  circular, 
T-10,  and  ringslot  parachutes  with  various  centerline  lengths. 


1 


II.  COORDINATE  SYSTEM  AND  COEFFICIENTS 


Figure  1  shows  the  coordinate  system  used  and  tue 
forces  measured  in  this  study.  It  differs  from  the  one  in 
Ref  1  in  view  of  the  normal  forces  which  now  are  resolved 
in  one  component  N^  acting  at  the  confluence  point  and  in 
another  component  N2  at  the  junction  of  the  center  vent  and 
the  centerline.  Both  components  can  of  course  be  combined 
to  a  single  normal  force  N.  Also  one  notices  that  tangent 
force  components  T^,  and  Tc  were  measured.  Tq  is  the  center- 
line  force,  while  Tg  is  the  tcngent  force  component  trans¬ 
mitted  through  the  suspension  lines.  Both  tangent  forces 
and  their  coefficients  can  also  be  combined  to  a  single  term. 
The  moment  amounts  to 

M  -  N111  +  N212 


with  the  moment  center  DQ  below  the  skirt  of  the  parachute 
canopy.  The  respective  coefficients  are  defined  as  follows: 


TS+  TC 


Nl+  N2 


M 

qSD 

^00 


Since  all  of  the  coefficients  are  based  on  nominal  area  and 
diameter,  the  subscript  "o"  is  omitted  in  the  remainder  of 
this  report. 


i 
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III.  MODELS 


Table  1  summarizes  the  pertinent  parameters  of  the 
solid  flat  circular,  T-10,  and  ringslot  parachute  models. 
Figure  2  shows  the  gore  pattern  of  the  ringslot  model.  The 
solid  flat  circular  and  the  T-10  models  were  built  to  be  as 
flexible  as  possible  in  accordance  with  Ref  2;  namely,  they 
were  made  from  a  single  piece  of  cloth  with  gores  simulated 
by  running  the  suspension  lines  over  the  canopy  and  fastening 
them  with  a  zig-zag  stitch.  Each  ring  of  the  ringslot  was 
made  from  a  single  piece  of  ribbon  seamed  together  at  the 
ends  and  then  darted  to  form  the  28  gores.  The  seven  separate 
rings  were  then  connected  by  sewing  the  suspension  lines  from 
vent  to  skirt  at  the  "gore"  edges;  there  were  no  other  radial 
lines  or  tapes. 
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IV.  WIND  TUNNEL  APPARATUS  AND  TEST  PROCEDURE 


A  major  part  of  this  effort  was  designing  and 
building  a  model  support  system  that  could  accurately 
measure  the  aerodynamic  forces  while  maintaining  a  model 
geometry  which  would  closely  approximate  a  full  scale 
parachute  with  a  centerline.  In  full  scale  parachutes  a 
centerline  is  an  actual  line,  and  as  such  pulls  the  vent 
down  into  a  conical  shape,  nearly  pointed  at  the  centerline. 
For  a  correct  model  simulation,  this  means  that  the  vent 
area  of  the  model  cannot  be  forced  flat  over  any  significant 
percentage  of  the  model  diameter,  and  thus  if  an  axial  sting 
is  used,  it  must  be  quite  small.  This  constraint  on  vent 
geometry  and  the  fact  that  at  the  confluence  point  the  normal 
forces  are  at  least  an  order  of  magnitude  lower  than  the 
tangent  forces,  combine  to  give  a  very  difficult  wind  tunnel 
force  measurement  problem.  Many  different  support  systems 
were  considered  and  several  tried  before  one  was  finally 
found  to  be  acceptable.  It  would  be  too  tedious  to  describe 
all,  but  it  should  be  noted  that  the  system  used  was  selected 
after  a  very  thorough  investigation.  Also,  photographic 
shape  studies  were  made  on  the  effects  of  various  sting  dia¬ 
meters,  including  a  wire,  and  the  effects  of  terminating  the 
suspension  lines  in  a  manner  other  than  a  perfect  confluence 
point.  Force  measurements  were  made  with  several  other 
installations  but  none  gave  a  separation  of  the  various 
forces  as  satisfactory  as  in  the  system  selected. 


The  sting  mount  system  used  for  the  force  measure¬ 
ments  derives  from  the  one  described  in  Ref  1  and  is  shown  in 
Fig  3.  The  downstream  end  of  the  axial  sting  was  supported 
by  a  ball  bushing  in  a  vertical  strut.  The  upsti^am  end  of 


7 


8 


PARACHUTE  MODEL  IN  WIND  TUNNEL 


the  sting  was  supported  by  a  ball  bushing  in  a  small  forebody 
which  was  held  in  place  with  0.024- in  wires.  This  entire 
system  was  mounted  on  a  turntable  which  enabled  changing  the 
parachute  angle  of  attack. 

Figure  4  illustrates  the  functioning  of  the  force 
sensors.  The  model  suspension  lines  were  brought  to  a  single 
confluence  point  in  order  to  preserve  the  canopy  shape.  From 
the  confluence  point  the  forces  in  the  suspension  lines  were 
transferred  to  the  upper  and  lower  halves  of  the  strain-gaged 
cantilever  b>ams  of  the  front  force  sensor.  Figure  5  shows 
more  details  of  this  sensor.  Any  normal  force  at  the  para¬ 
chute  confluence  point  causes  a  small  deflection  of  the  con¬ 
fluence  point,  and  thus  a  deflection  of  the  normal  force 
cantilever  beam.  The  friction  between  the  fine  cables  and 
the  hole  edges  at  the  top  of  the  normal  force  sensors  was  low 
enough  so  that  its  effect  could  be  neglected,  and  tangent 
force  measured  on  the  upstream  cantilever  beams. 

Figure  6  shows  the  vent  normal  force  sensor  and 
the  method  for  transmitting  the  '‘centerline"  force  to  the 
axial  sting.  As  Fig  6  shows,  there  was  no  actual  center- 
line,  rather  the  parachute  vent  was  restrained  to  a  known 
position  on  the  axial  sting.  The  parachute  models  had  thin 
discs  attached  to  the  inside  of  the  canopy  at  the  vent.  The 
vent  normal  force  was  transmitted  from  the  canopy  to  the 
inner  ring  of  the  disc,  then  from  the  inner  ring  to  the  disc 
outer  ring.  The  disc  outer  ring  was  fastened  to  the  outer 
ring  of  the  vent  normal  force  sensor.  Two  thin  strain-gaged 
beams  connect  the  sensor  outer  ring  to  the  sensor  inner  ring 
which  fits  over  the  axial  sting.  These  two  beams  then  pro¬ 
vide  a  measurable  deflection  when  any  vent  normal  force  is 
restrained  by  the  axial  sting.  The  inner  ring  of  the  disc 
sewn  in  the  parachute  vent  was  such  that  it  did  not  touch 
the  axial  sting,  and  the  inner  ring  of  the  normal  force 
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SIDE  VIEW 


f 


Wind  Tunnel  Apparatus 


Vent  Normal  Force  Sensor 


sensor  fit  snugly  on  the  sting.  The  centerline  force  in  the 
axial  sting  was  sensed  by  a  simple  cantilever  beam  mounted  on 
the  downstream  vertical  strut.  Thus,  with  this  system  the 
geometry  of  a  parachute  with  a  centerline  is  accurately  pre¬ 
served,  and  the  aerodynamic  forces  are  separated  for  reliable 
measurement. 

All  of  the  deflecting  beams  on  the  force  sensors 
were  instrumented  with  strain  gages  which  were  wired  into 
four  active  gage  Wheatstone  bridges.  For  the  sensors  which 
used  two  beams,  the  bridges  were  wired  so  that  the  deflection 
from  each  beam  would  be  added  algebraically.  The  output  from 
these  bridges  was  amplified  and  recorded  on  an  oscillographic 
recorder. 


All  force  sensors  were  calibrated  before  and  after 
each  wind  tunnel  run.  The  only  interaction  that  was  at  all 
significant  was  the  confluence  point  tangent  force  upon  con¬ 
fluence  point  normal  force.  This  interaction  could  cause  a 
calibration  deviation  of  at  most  5%,  and  this  was  calibrated 
out . 


B.  Test  Procedure 


1.  Determination  of  Centerline  Lengths. 

The  first  tests  conducted  were  measurements  of  total 
tangent  force  over  the  range  of  centerline  lengths  which  would 
be  effective  in  increasing  the  parachute  tangent  force.  As 
the  centerline  is  shortened  there  is  an  increase  in  tangent 
force  to  a  maximum,  then  further  shortening  decreases  the  tan¬ 
gent  force.  Measurements  were  made  to  determine  the  tangent 
force  with  no  centerline,  then  to  determine  the  particular 
centerline  length  where  the  models  began  to  collapse.  The 
difference  in  length  between  this  value  and  that  for  a  center- 
line  which  would  give  no  vent  pull  down  was  divided  into  four 


equal  increments  to  give  five  different  centerline  lengths 
plus  no  centerline  as  test  configurations.  These  preliminary 
tests  were  conducted  at  the  approximate  OC ^  of  the  partic¬ 
ular  model  parachute ,  and  all  centerline  lengths  are  associated 
with  the  inflated  parachute. 

2.  Test  Performance  and  Conditions. 

After  selecting  the  centerline  lengths  to  be  tested, 
the  model  was  installed  in  the  wind  tunnel  and  its  angle  of 
attack  increased  until  gore  bulges  near  the  skirt  began  to 
collapse.  This  angle  was  considered  as  the  maximum  angle  of 
attack  for  testing  this  particular  parachute  configuration. 

In  some  cases  the  maximum  angle  up  to  which  the  measurements 
were  made  was  slightly  less  than  this  angle.  The  parachutes 
were  then  measured  at  angles  of  attack  varying  in  increments 
of  2.5°  between  plus  and  minus  values  of  the  maximum  angle. 

The  forces  were  measured  at  each  angle  of  attack  at  least 
four  times  by  sweeping  the  parachute  models  back  and  forth 
over  the  angle  range. 

The  wind  tunnel  conditions  for  most  of  the  data 
points  were  M  -  0.1  and  Re/ ft  -  6.7  x  10^.  For  some  data 
points  near  0°  on  the  solid  flat  circular  and  T-10  models 
the  velocity  had  to  be  reduced  to  M  ■  0.07,  Re/ft  -  5  x  10^ 
because  of  the  violent  model  vibrations. 
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V.  RESULTS 


A.  Data  Reduction 


After  the  measurements,  the  data  from  individual 
tests  were  reduced  to  forces  and  moments  and  these  were 
averaged  for  their  respective  angles  of  attack.  These 
averages  were  then  plotted  and  symmetrized  to  correct  for  a 
flow  angularity  in  the  wind  tunnel  of  approximately  2°.  The 
symmetrized  data  points  were  plotted  against  the  magnitude  of 
the  angle  of  attack  so  that  points  from  positive  and  negative 
angles  fell  in  the  same  quadrant  of  the  graph.  Smooth  curves 
were  then  drawn  through  these  symmetrized  data  points.  This 
process  averages  out  minor  test  inaccuracies  and  model 
irregularities,  but  the  averaged  data  points  presented  gener¬ 
ally  do  not  deviate  from  individual  measurements  by  more  than 
5%.  Force  and  moment  values  were  then  read  from  the  smoothed 
curves,  and  the  related  coefficient  was  calculated. 

The  complete  results  of  this  effort  are  presented 
in  graphs  and  tables  in  the  Appendix;  the  remainder  of  this 
section  presents  the  results  of  the  configurations  without 
a  centerline  and  the  comparative  effects  of  centerlines  of 
various  lengths. 

B.  The  Standard  Configurations 

The  aerodynamic  force  and  moment  coefficients  for 
the  "standard  configurations,"  those  without  effective 
centerlines,  are  shown  in  Table  II  and  Figs  7,  8,  and  9.  These 
coefficients  are  designated  as  C^',  C^',  f.^',  etc.  The  vents 
of  these  configurations  were  restrained  at  a  position  determined 
in  the  preliminary  tests  just  beyond  the  point  where  a  center- 
line  would  have  any  effect.  The  value  of  this  "ineffective" 
centerline  length  is  shown  in  Table  II,  av.d 
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gives  a  means  to  compare  the  standard  configurations  to 
other  configurations  on  the  basis  of  Lg.  Since  the  co¬ 
efficients  have  been  symmetrized,  only  the  positive  angles 
are  shown,  A  tangent  force  coefficient  at  a  negative  angle 
is  equal  to  that  at  the  same  positive  angle;  normal  force  and 
moment  coefficients  however  change  sign,  the  value  of  and 
at  a  negative  angle  are  obtained  from  the  value  at  the 
same  positive  angle  by  multiplying  this  value  with  -1. 

The  portions  of  the  curves  in  Fig  7  for  the 
solid  flat  circular  and  T-10  parachute  models  which  deviate 
from  the  data  points  indicate  the  authors'  opinion  about  the 
values  in  this  section.  The  deviating  data  points  probably 
reflect  the  effect  of  the  violent  model  vibrations  at  or 
near  zero  angle  of  attack.  The  ringslot  model  did  not 
vibrate  in  this  manner.  The  tabulated  values  shown  in  Table  II 
and  in  the  Appendix  are  from  the  curves,  whereas  the  measured 
data  points  are  shown  on  the  figures  in  the  Appendix,  The 
CT  values  at  the  trim  angles,  dCT,  are  results  obtained  under 
stable  conditions  and  compare  more  favorably  with  values  to 
be  expected  in  full  scale  drop  tests  (Ref  3)  . 

None  of  the  three  standard  configurations  was  stable 
at  AC-  0.  Consistent  with  the  observed  vibrations,  the  solid 
flat  circular  and  T-10  models  were  highly  unstable  at  0Lm  0, 
while  the  ringslot  was  only  mildly  unstable.  The  standard 
configurations  achieved  stable  behavior  at  trim  angles  of 
20.8°  for  the  solid  flat  circular,  20.4°  for  the  T-10,  and 
5.6°  for  the  ringslot.  The  T-10  had  the  rnot't  stable  and 
the  solid  flat  circular  the  least  stable,  with  about  half  the 
(1,  of  the  T-10. 

No  direct  comparison  of  the  present  results  is  made 
with  those  of  Ref  1  because  of  differences  in  model  construc¬ 
tion  and  design,  and  force  measurements.  There  are  no 
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fundamental  differences  between  the  two,  and  in  general,  there 
is  broad  agreement  of  the  results.  Any  differences  in  the  CT 
data  can  be  reasonably  attributed  to  increases  in  drag  due  to 
longer  suspension  lines,  decreased  porosity,  and  varying  stiff¬ 
ness,  but  these  factors  have  not  been  analyzed  to  the  point 
where  a  quantitative  comparison  can  be  made. 


Since  confluence  point  normal  forces  were  not 
measured  in  Ref  1,  C^.  and  data  cannot  be  compare  i.  The 
confluence  point  normal  force  results  are  not  presented 
separately.  However,  the  confluence  point  force  is  significant, 
since  the  normal  forces  at  the  confluence  point  and  at  the  vent 
are  roughly  of  the  same  magnitude,  with  the  confluence  point 
force  generally  less  than  the  vent  force. 


C. 


Configurations  with  Centerline. 


1.  Tangent  Force  Coefficients., 

Figures  10,  11,  and  12  show  the  effects  of  center¬ 
lines  on  the  C^,  values  for  the  solid  flat  circular,  T-10,  ,<i  ■ 
ringslot  parachute  models  respectively.  The  tangent  force 
coefficient  ratios  shown  in  the  figures  were  selected  to  suit¬ 
ably  non-dimensionalize  the  effect  of  the  centerline.  The 

it 

symbol  CT  represents  the  ratio  of  the  total  tangent  force 
J»T 

coefficient,  CT,  of  a  centerline  configuration  to  the  C™' 
value  at  a  defined  angle  of  attack.  The  symbol  CT  stands 
for  the  ratio  of  the  centerline  force  coefficient,  C^^  to 
the  CT'  value  at  a  defined  angle  of  attack.  Thus  four  groups 
of  data  are  shown  as  ratios:  Cm  and  C„  ,  both  at  <X. 
at  (X  *=  (X  To  form  the  C^  and  C^,'  ratios  for  (X  -  0° 


0°  and 


T* 

all  values  were  taken  at 
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o  ot  =  =  0.595 

□  &  =  0°,  CT'  =  0.570 


o  (X -  ocy  ,  C y  =  0.545 

□  o(  =  0°  J  Cj=  0.535 

Fig  12 


Normalized  Tangent  Force 
Coefficients  for  the  Ringslot 

Parachute  Model 


X  0°; 

the  OC  rp  of 
values  are 


for  the  ratios  at  X  ~  »  values  were  taken 

the  particular  configuration,  so  the  CT  and  C 
not  from  a  fixed  angle  of  attack., 


at 


The  results  shown  in  the  figures  agree  with  the 
previous  experience  with  centerlines,  namely  substantial 
increases  in  drag  but  with  often  large  forces  in  the  center- 
line.  At  the  configuration  trim  angle,  the  solid  flat  circular 
model  shows  the  greatest  tangent  force  increase  of  26%,  the 
ringslot  next  with  237«,  and  the  T-10  with  21%.  The  solid  flat 
circular  and  T-10  models  have  clearly  larger  increases  at  the 
trim  angle  than  at  -  0°,  whereas  the  ringslot  increases 
are  much  closer,  with  the  trim  angle  increases  less  than  those 
at  X  -  0,  This  same  behavior  is  seen  in  the  centerline 
forces,  higher  percentages  of  total  at  trim  angle  for  solid 
flat  circular  and  T-10  models. 


The  similarity  of  the  general  behavior  of  the  three 
different  models  can  be  seen  from  these  figures.  Maximum 
force  increases  are  obtained  with  centerline  lengths  equal  to 
or  a  few  percent  longer  than  the  suspension  line  length. 
Centerline  lengths  of  less  than  the  suspension  line  length 
give  tangent  force  increases  less  than  maximum.  The  forces 
in  the  centerline  increase  as  it  is  shortened,  reaching  about 
half  of  the  total  tangent  force  at  a  length  equal  to  the  sus¬ 
pension  line  length. 

2.  Trim  Angle  and  C  w 

Figures  13,  14,  and  15  show  the  effects  of  a  center- 
line  on  the  stability  of  the  solid  flat  circular,  T-10,  and 
ringslot  parachute  models.  The  upper  portions  of  the  figures 
show  the  variations  in  Oi  -j.  with  centerline  length.  The  lower 
portion  shows  centerline  configuration  characteristics  again 
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ratioed  to  standard  configurations.  The  quantities  ratioed 
in  these  figures  are  the  slopes  of  the  moment  coefficient 
curves,  2^  ^  ,  at  the  trim  angle.  Thus  is  the  ratio  of 

the  slope  of  the  moment  curve  at  <X  for  a  centerline  config¬ 
uration  to  Cj^  at  The  determination  of  these  character¬ 

istics  is  difficult  since  they  are  functions  of  exactly  where 
and  how  the  moment  curve  is  drawn.  Thus  a  certain  amount  of 
scatter  in  the  data  points  is  unavoidable,  and  basic  trends 
should  get  primary  attention. 

The  solid  flat  circular  and  T-10  models  show  an 
initial  increase  in  and  then  a  decrease  as  the  centerline 
is  shortened,  with  the  magnitude  of  change  less  on  the  T-10 
than  the  solid  flat  circular.  The  ringslot  shows  first  a  very 
small  decrease  in  and  then  a  change  to  =  0°  for  center¬ 
lines  of  Lc/Lg<l.l. 

Vc 

In  the  stability  slope  ratios  (2^^  results,  the 
solid  flat  circular  and  T-10  models  both  show  strong  decreases 
in  slope  at  the  shorter  centerline  lengths.  At  centerline 
lengths  of  L^/Lg>l.l  the  data  scatter  makes  it  difficult  Lo 
differentiate  between  a  mild  decrease  or  little  change.  The 
stability  behavior  of  the  ringslot  model  was  markedly  differ- 
ent  from  the  other  two  models.  The  ringslot  decreases 

slightly  as  the  centerline  is  shortened,  but  then  the  slope 
ratio  increases  w1'  th  further  shortening  up  to  1.9  for  a  center- 
line  length  of  0.9/  Lg. 
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VI.  SUMMARY 

The  aerodynamic  force  coefficients  for  solid  flat 
circular,  T-10,  and  ringslot  parachute  models  with  center- 
lines  were  measured.  The  design  of  the  wind  tunnel  balance 
and  the  related  equipment  was  complicated  by  the  requirements 
of  measuring  normal  forces  at  the  confluence  point  and  pre¬ 
serving  model  geometry.  Measurements  with  the  satisfactory 
wind  tunnel  apparatus  showed  that  a  suspension  line  con¬ 
fluence  point  had  to  be  formed,  axial  sting  sizes  had  to  be 
less  than  3%  of  the  nominal  diameter,  and  that  the  confluence 
point  normal  forces  were  significant,  being  about  the  same 
magnitude  as  the  vent  normal  forces. 

General  similarities  in  the  effects  of  a  centerline 
on  the  various  models  were  found.  Tangent  force  increases  of 
207o  to  267o  can  be  obtained  at  centerline  lengths  equal  to  or 
a  few  percent  longer  than  the  suspension  line  length.  At 
this  centerline  length,  the  force  in  the  centerline  was 
approximately  one-half  of  the  total  tangent  force  of  the  con¬ 
figuration.  The  stability  behavior  of  the  models  varied  with 
the  length  of  the  centerline.  For  the  solid  flat  and  T-10 
parachute  models  at  the  centerline  lengths  which  provided  the 
greatest  tangent  force  increase,  the  angle  of  trim  increased 
slightly  while  the  slope  decreased.  This  may  be  con¬ 

sidered  to  be  a  general  decrease  in  stability.  For  the  ring- 
slot  parachute  the  two  longest  centerlines  reduced  the  trim 
angle  slightly,  whereas  the  three  shorter  lines  gave  trim 
angles  of  zero  degrees.  The  effort  of  the  four  longer  center- 
lines  upon  the  stability  slope  is  relatively  small,  however 
the  centerline  with  L^/Lg  ■  0.97  provide^  a  stability  slope 
1.9  times  the  slope  of  the  standard  configuration. 
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APPENDIX 


This  appendix  contains  the  complete  coefficient 
results  in  graphs  and  tables.  Least  squares  polynomial 
curve  fits  are  shown  on  the  graphs  for  the  standard  configura¬ 
tions. 
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Ct  values  for  the  solid  flat  circular  parachute  model 

AT  Lc/ls  =  1*26  (STANDARD  CONFIGURATION) 


AT  Lc / t  =  1-26  (STANDARD  CONFIGURATION) 
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SOLID  FLAT  CIRCULAR  PARACHUTE 

.01 


MODEL  AT  Lc/  =  1.26  (STANDARD  CONFIGURATION) 


FOR  THE  SOLID  FLAT  CIRCULAR  PARACHUTE 
'C/T_  =  1.16 
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Values  From  Curves 


TABLE  X 


AERODYNAMIC  COEFFICIENTS  FOR  THE  T-10 
PARACHUTE  MODEL  WITH  L^/Lg  =  1.24 


OL° 

CT 

CTc 

CN 

CM 

o* 

.570 

0.0 

0.0 

Jc 

2.5 

.530 

.036 

.0274 

.019 

5.0" 

.605 

.045 

.0433 

.032 

7.5* 

.627 

.059 

.0504 

.037 

10.0 

« 6-»  1 

.073 

.0510 

.033 

12.5 

.663 

.003 

.0469 

.036 

Ij.O 

.680 

.092 

.0404 

.032 

17.5 

.633 

.099 

.0314 

.025 

2^ .  >. 

.675 

.100 

.0172 

.013 

22.5 

.657 

.093 

.0012 

-.001 

•>  .  i 

/  .• 

.629 

.096 

-.017 

~-r.. — i 

30.0  i 

i 

.611 

L  _ 

.C  97 

-.0339 

-.031 

r 

.606 

.100 

-.0546 

-.050 

Values  From  Curves 
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TABLE  XI 


ERODYNAMIC  COEFFICIENTS  FOR  THE  T-10 
PARACHUTE  MODEL  WITH  Lc/Ls  -  1.10 


OL° 

CT 

CTc 

CN 

CM 

0* 

«  '  ' 

.115 

0.0 

0.0 

.624 

.122 

.0232 

.017 

.644 

.155 

.0506 

.028 

7.5“ 

.670 

.153 

.0469 

.035 

.703 

.171 

.0481 

.037 

12.5 

.721 

.  1C  4 

.0445 

.034 

15.0 

.731 

.196 

.0373 

.028 

17.5 

.733 

.2C3 

.0297 

.022 

0 

. 

0 

CM 

.726 

.205 

.0190 

.014 

H| 

.711 

.202 

.0054 

.002 

25. 0 

.690 

.192 

-.0107 

-.011 

27.5 

.667 

.186 

- .0205 

-.026 

30.0 

.652 

.183 

-.0463 

-.041 

Values  From  Curves 


TABLE  XIII 

AERODYNAMIC  COEFFICIENTS  FOR  THE  T-10 
PARACHU'fE  MODEL  WITH  Lc/Ls  -  1.0^ 


00°  | 

CT 

CTc 

- 

0* 

.650 

.227 

2.5* 

.659 

.236 

5.0* 

.672 

.254 

* 

7.5 

.688 

.277 

10.0 

.711 

.294 

12.5 

.728 

.306 

15.0 

.738 

.312 

17.5 

.741 

.318 

20.0 

.737 

.312 

22.5 

.727 

.307 

25.0 

.711 

.304 

27.5 

.696 

.299 

30.0 

.680 

.294 

.0155 

.025 

.030 

.030 

.027 

.022 

.019 

.0125 

.0036 

.0059 

.0161 


O.C 

.010 

.017 

.019 

.020 

.018 

.015 

l013_ 

.008 


.013 


-.0255  -.02/-) 


*  Values  From  Curves 
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TANDARD  CONFIGURATION) 


FIG.  49  CTc  VALUES  FOR  THE  T-10  PARACHUTE  MODEL  AT 
^*c/ T._  =  1*11 


(2.508x10  ) a  +  (1.95x10  )a 


FIG.  52  Cn  VALUES  FOR  THE  T-10  PARACHUTE  MODEL  AT 
Lc/r  =  1.30  (STANDARD  CONFIGURATION) 
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TABLE  XVII 

AERODYNAMIC  COEFFICIENTS  FOR  THE 
RINGSLOT  PARACHUTE  MODEL  WITH  L^/Lg  -  1.12 


OL° 

CT 

Cj 

•c 

CN 

CM 

0 

.639 

.143 

0.0 

0.0 

2.5 

.650 

.156 

■9 

n 

5.0 

.666 

.172 

.0056 

Hi 

■KB 

.680 

.185 

-.0062 

-.013 

10.0 

.694 

.193 

-.0228 

-.023 

12.5 

.697 

.194 

-.0387 

-.034 

15.0 

.695 

.193 

-.0511 

-.044 

17.5 

.670 

.193 

-.0635 

-.056 

95 


TABLE  XVIII 


AERODYNAMIC  COEFFICIENTS  FOR  THE 
RINGSLOT  PARACHUTE  MODEL  WITH  L^/Lg  -  1.07 


OL° 

CT 

E9 

CN 

CM 

0 

.662 

.203 

0.0 

0.0 

2.5 

.674 

.218 

-.0020 

-.008 

5.0 

.680 

.230 

-.0062 

-.013 

7.5 

.  688 

.242 

-.0138 

-.018 

10. 0 

m 

12.5 

.256 

-.0387 

-.033 

15.0 

.705 

.253 

-.0578 

-.044 

17.5 

.697 

.249 

-.0663 

-.055 

96 


TABLE  Xi: 

AERODYNAMIC  COEFFICI] 
RINGSLOT  PARACHUTE  MODEL  1 
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FIG.  73  CT  VALUES  FOR  THE  RINGSLOT  PARACHUTE  MODEL 


(1.09x10  ) a  -  (2.295x10  )c 


AT  Lc/ls  =  1-22  (STANDARD  CONFIGURATION) 
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